Figures
City branch of the Mineral Range Railroad, and directly north of the track. Big Limestone is a ridge a mile long and a half a mile wide running nearly north and south, and terminating in steep walls at its southern end. The western face rises abruptly 300 feet from the surface of the swampy land which surrounds the outliers but the eastern face slopes gently to the swamp level and is covered by a heavy growth of hardwood timber. Little Limestone lies south of Big Limestone and is separated from it by a deep irregular gully partly occupied by swamps and partly filled by glacial debris and talus. This hill is much smaller than Big Limestone, and runs NE-SW in contrast to the north and south trend of Big Limestone. It is also lower, rising but 150 feet from the swamp. The surface has been robbed of its timber by forest fires and the top is now under cultivation. The third and smallest outlier, Sherman Hill, is one and a half miles northeast of Big Limestone. It rises 150 feet above the swamp and is covered by a thick second growth of young hardwood. The dolomite appears as high bare cliffs on the northern and eastern part. All three masses of dolomite lie upon the Jacobsville Sandstone which forms the surface rock of the immediately surrounding country, and can be detected through the masses of talus at intervals along the bases of the hills.
The drift is locally thin around the hills, being mostly sand and gravel with a few scattered boulders. Long tapering slopes of drift extend from the southwestern, lee, sides of Little Limestone and Sherman Hill. The tops of the hills show little drift and no glacial markings were found in the few places where the dolomite appears through the soil and thick vegetation.
Northwest of the hills a very heavy drift occurs in the valley of the Little Otter which has cut down through several hundred feet of red clay to the Jacobsville sandstone. The Jacobsville is here darker in color and composed of finer grains than at the outcrops beneath the dolomite of the hills, and as it is considerably lower topographically it is very possibly a lower member.
These outliers have been visited by several geologists who have reported variously upon their age and structure. C. T. Jackson*, in 1849, published a report upon the region in which he assigned the sandstone to the Triassic and considered it equivalent to the "New Red" of the Connecticut valley. He regarded it as overlapping the dolomite. He collected Pentamerus oblongus and so gave the age of the dolomite as Niagaran. His analysis of the dolomite is as follows:
Foster and Whitney † in their "Report on the Geology and Topography of the Lake Superior Land District" established the correct position of the dolomite above the sandstone by observing the calcareous nature of the upper layers of the sandstone and the abundant sand grains and silica in the lower layers of the dolomite. They made a considerable collection of fossils which were submitted to James Hall for identification. His conclusion was that "The evidence from the whole together goes to prove that the rocks from which they were obtained belonged to the older Silurian period." The rocks were assigned to the Potsdam and Calciferous sandstones, the Chazy, Birdseye, and Black River limestones, and perhaps Dr. Carl Rominger ‡ visited the locality and included a description of it in his report on the Upper Peninsula. He noted the very great disturbance, the complex faulting, and the varying dip of the layers of which he said, ". . . it appears to me more probable that there was an underwashing and sinking of the strata during the drift period rather than an actual upheaval of later date." He was essential in agreement with Hall as to the age of the beds and gave the following report on the fossils. Doc., No. 69, pp. 117-119, 1850 . ‡Mich. Geological Survey, vol. 1, part 3, pp. 69-71, 1873 In 1891 W. L. Honnold, then serving as geologist on the Michigan Geological Survey, spent some time in the vicinity and in connection with his studies made excavations at the base of the hills to determine the nature of the contact of the dolomite with the sandstone. He reported that the dolomite lay in apparently conformable contact with the sandstone which in his opinion forms a gentle syncline. He, also, noted that the upper layers of the sandstone are calcareous and the lower layers of the dolomite siliceous with no transition beds between the two. Unfortunately, Honnold's work has never been published but short abstracts have appeared.* *Am. Jour. Sci., vol. 42, 3rd. Series, pp. 170-71, 417-19, 1891 . Trans. Am. Inst. Min. Eng. vol. 27, pp. 684-85, 1897 . Mich. Geol. Surv., Ann. Rep., p. 178, 1903 In 1909 Lane † gave a further account of Honnold's work and an account of a visit by Hubbard, Seaman and Lane. This report included a map prepared by Honnold and the following list of fossils, which were identified by W. In the summer of 1913, the authors spent six weeks working upon these outliers in an attempt to finally determine the age and structural relations of the beds. The work has not resulted in as definite conclusions as were hoped for, because the outcrops are largely obscured by heavy talus and a thick growth of vegetation which covers the hills, but it is believed that the information gained is as full as can be obtained in the present condition of the country. The dolomite layers have been much disturbed as is shown by the widely varying dips determined at various points of the outcrops. How this disturbance was caused is still problematical and certain tentative explanations are offered at the close of this paper. †Mich. Geol. Surv., pub. 6, Geol. Series 4, vol. 2, pp. 523-24, 1909 .
STRATIGRAPHY AND CORRELATION OF THE BEDS.
From our sections and the fossils obtained, the following general section has been made out: (Fig. 2) . The fossils were determined by the junior author and finally submitted to Dr. E. O. Ulrich of the U. S. Geological Survey for revision and the determination of the exact horizons. For this, and for many helpful suggestions, we desire at this point to express our thanks to Dr. Ulrich.
IX. Mid-Devonian.-All that is known of this horizon is a single angular mass of chert, found in the talus on the southeastern slope of Big Limestone. 
VI. Upper part of the Lower Richmond.
(Arnheim).-At the locality marked R on the map, a single thin layer of dolomite was found. The rock was almost perpendicular but as it was in the zone of broken talus we cannot be certain that it was in place. The following fossils were found: 
STRUCTURE.
The dips in the uppermost of all the exposures show a remarkable diversity although there seems to be quite generally a dip toward the center of the outlier in each case. There is no suggestion of folding. Figure 2 shows the aspect of the southern slope of Big Limestone as seen from Little Limestone. The rocks forming the western face of Big Limestone dip quite regularly eastward. At the south end of the west face a dip of 30° E. 4° N. was obtained. Where the line between sections 14 and 23 crosses the cliff, a dip of 32°, E. 10° N. was found and between these two locations dips easterly were obtained varying from 14° to 20°. From figure 2 it will be seen there is great variation in the dip along the southern face of Big Limestone. The western block dips 20°, N. 60° E., east of this a block dips 14°, N. 51° E., and east of this still another block dips 50°, E. 5° S. Talus covers much of the remainder of the south cliff but readings were obtained which show that steeply inclined strata occupy the remainder of the section except at the eastern end where a block occurs which dips westerly at various angles. Readings of 21°, 22°, 28°, and 41° were obtained here.
On Little Limestone a similar irregularity is noticeable. On the northwest cliff a large section of layer IV probably carrying layer V, has slumped away from the main cliff and lies with a dip of 31°, N. 64° E. South of this block on the west face there is a dip of 30°, E. 14° S. Other dips which were noticeable follow: East face 35°, W. 18° N. Northeast face 32°, W. 23° N. Southeast face (Decorah beds) 34°, N. 30° E.
The beds overlying the Decorah and about 20 paces northeast of them 52°, S. 30° W. These dips, and the dip of the layers of Sherman Hill, are plotted on the map (Fig. 1) . That the faults which separate these blocks of varying dip are very minor, is proved by the slight displacement of layer IV which can be traced from the east side to the north side of Little Limestone in which distance there are two abrupt changes of dip. There is evidence however, of a fault of larger importance between Big and Little Limestone. This evidence is mainly in a displacement of the Jacobsville sandstone and is presented in figure 3 . From the swamp to the crest of Little Limestone is 150 feet. The dolomite has a combined thickness of 90 feet. If these layers are uniform and present under the whole mountain, there is 60 feet of sandstone above the swamp. In a similar way, Big Limestone rises 300 feet above the swamp. The dolomite is 140 feet thick leaving 160 feet of sandstone above the swamp. Allowing 20 feet for change in swamp level there is at least 80 feet difference in level between the sandstone of the two hills. Since these sandstones are lithologically identical, and there is a decided topographic break between them a fault is assumed to be present in the valley.
The succession of beds in Big and Little Limestone mountains, in the few cases in which the beds may be said to be approximately in place, is very different. In Big Limestone layer I, the Jacobsville, is followed by II, the Black River, while at Little Limestone I is followed by III, the Decorah, with not a trace of Black River between. The fossils of the Black River (layer II) were found near the top of Big Limestone, the highest point from which fossils were collected; below them topographically layers V, IV, and III were found apparently in place on Little Limestone (see Fig. 4 ).
From the foregoing account of the stratigraphy it is evident that several new points have been added to the geological history of Northern Michigan. Not only was the region covered by an Ordovician sea but by seas of Silurian and Devonian time as well. Ordovician fossils were discovered by Allen* near Iron River, Michigan and Silurian has been noted by earlier observers at Limestone Mountain, but this is the first time that Devonian fossils have been found in place or near their original position, so far north in the state. Our paleogeographic maps must so far be revised as to extend the Silurian and Devonian seas well into, if not over, the Northern Peninsula. The similarity of the Ordovician fossils with those of Minnesota and Wisconsin shows that the same sea reached from Michigan into these areas. Dr. Ulrich in a letter to the authors cites the peculiarity of the pentameroid forms and their similarity with forms found throughout the extreme western part of North America, indicating a wide connection of the Silurian sea in that direction.
The Devonian material is small in amount but so characteristic that there can be no doubt of the presence of marine waters in Mid-Devonian time. How far the Devonian sea and deposits extended over the Northern Peninsula is impossible to state. Our fossils were obtained from a large fragment on the southeast slope of Big Limestone, involved in the great talus from the lee of the hill, but its size, position, and angular condition, lead us to doubt that it has been transported any great distance, though it may easily have come from some region to the northeast of the dolomite hill. The heavy drift northwest of the mountains also may easily conceal remnants of Paleozoic deposits beyond any hope of detection. We consider it very doubtful that the Devonian deposits were originally connected with the nearest rocks of that age in Canada, in the vicinity of Lake Winnepeg and Hudson Bay. 
HISTORY.
We are unable to propose any hypothesis for the preservation of these outliers, so far removed from the deposits with which they were originally connected. That the seas did not endure for any great length of time, is apparent from the relatively thin deposits and it may be that the northern peninsula was a region of limited sedimentation, toward the limits of the invading waters. The upper layers show no peculiar hardness nor consistency which would have enabled them to resist the degrading forces, and, as is shown below, the faulting does not account for the preservation.
While the hills discussed in this paper are the most remote outcrops of Paleozoic sediments later than the Cambrian known in Michigan, we cannot but believe that more of the same material is buried by the heavy drift to the northwest.
All obtainable evidence shows that the erosional history began, at the earliest, later than Mid-Devonian; how much later cannot be made out but considering the amount of material removed, and the completeness of the removal, we are inclined to the opinion that the region was exposed from sometime late in the Paleozoic.
As the preceding discussion shows, the layers are disturbed by numerous faults in an intricate manner. The fault between Big and Little Limestone is the largest that was detected, with a throw of at least 80 feet, with Big Limestone upthrown. Whether the steep cliff faces of Big and Little Limestone are fault scarps is less certain but this may be possible. The remaining faults are of minor character and importance, and may be accounted for by processes involving only very local conditions.
The fault between Big and Little Limestone.-This is the largest fault observed and throws more light than the others on the history of the hills. As has been shown before, layer II occurs near the top of Big Limestone. It is the lowest stratigraphically and the highest topographically of any fossiliferous bed. On the opposite side of the fault layer III occurs directly upon the sandstone. It is evident that the whole thickness, or nearly so, between the sandstones and layer III is missing on Little Limestone. This may be explained in various ways but because of the lack of evidence, the explanations which are offered are very tentative.
There is no doubt in our minds that the sandstone in the two hills is the same; texture, color, material, peculiarities of cross bedding and included layers of coarser sand grains leave no doubt on this subject. This being true, we must suppose a lack of deposition of layer II on Little Limestone or account for its disappearance by erosion or solution. Under the first hypothesis, that of a lack of deposition on the site of Little Limestone, we would postulate an erosional irregularity of surface which permitted the deposition of a considerable thickness of Ordovician in the position of Big Limestone while the site of Little Limestone was occupied by an elevation not covered until much later by the invading sea. This idea is strengthened by the occurrence of a layer of dolomite, mottled by irregular spots of red, just above the sandstone wherever the sandstone and dolomite were together, irrespective of locality or stratigraphic position. This is seen on Big and Little Limestone, and Sherman Hill. The faulting took place along the edge of the elevation (see Fig. 5 ).
As alternative hypotheses, we may suggest the following: (1) the sandstone may be different in the two hills, that below layer II on Little Limestone being higher stratigraphically than that at the base of Big Limestone. This we regard as an impossibility for reasons given above. (2) The outcrops of layer III on Little Limestone may be large blocks fallen from a higher position because of undercutting and slumping of the layers. That such undercutting and slumping has occured at places on both hills in pre-glacial and glacial times is certain, but to assume it for layer II, ivolves the further assumption that the core of Little Limestone is formed by layer I, at least 80 feet thick, and since the whole hill does not rise over 90 feet from the sandstone, there is not room for such a core. It is very peculiar that no fossils of layer I were found on Little Limestone if any remnant of such a core exists. There is some possibility that Little Limestone has been split by a fault equal in throw, to the fault between Big and Little Limestone and parallel to it, and that the full series is represented on the east end of Little Limestone. One or two points support this suggestion. The east face of the north end of Little Limestone is very steep, descending abruptly to the swamp level. On the south end of the same face the slopes are less steep and there is a slight but well marked terrace indicating the position of the sandstone which outcrops here some distance above swamp level. This assumption of structure while possible is not less complicated than the one of an irregular surface of sandstone upon which the dolomite was deposited, and on the whole seems less satisfactory to us. Layers VI, VII, VIII and IX are so irregular in position, and so evidently involved in the debris, that we are inclined to believe that they are not in position but attained their present attitude as landslides or slumps due to undercutting by surface or underground waters in comparatively recent times.
In our opinion these outliers have been broken both by major faults, which involve the sandstone below, and by minor faults or breaks, the result of erosional forces. Unfortunately our work does not throw much light upon the age of the great Keweenawan fault, the outliers do not approach near enough to the fault line to afford definite evidence. All that we can say safely is that there were considerable movements later than Mid-Devonian time, involving the Cambrian rocks.
In the preparation of this report the authors have had the advantage of a study of a manuscript "Report on the fossils of Limestone Mountain" prepared by Professor A. C. Lane while he was State Geologist of Michigan.
In conclusion the senior author wishes to state that most of the field work was done by the junior author and that to him is largely due the credit for the discovery of the wide extension of the Paleozoic seas over the Northern Peninsula of Michigan. 
